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[57] ABSTRACT 
A means and method is described for forming closely 
spaced contacts to adjacent semiconductor regions, 
such as the base and emitter of a bipolar transistor, so 
that the lateral voltage drops between the contacts and 
an intervening junction are minimized. The emitter and 
base and the contacts thereto are self-aligned. This is 
accomplished by a structure utilizing two poly-layers 
separated by one or more intermediate dielectric layersv 
The upper of the two poly-layers serves as a selective 
etching mask for de?ning the contact geometry and 
separation. The lower of the two poly-layers has one 
portion which becomes a poly-contact and diffusion 
source for the base region and a second portion which 
becomes a poly-contact and diffusion source for the 
emitter region. A single mask is used in connection with 
ion bombardment to alter the etch rate of portions of the 
poly-layers. This mask together with subsequent etch 
steps, de?nes the emitter width and location and the 
base-emitter contact separation. The process is self 
aligning. 

31 Claims, 23 Drawing Figures 
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METHOD OF MAKING CLOSELY SPACED 
CONTACTS TO PN-JUNCI‘ ION USING STACKED 

POLYSILICON LAYERS, DIFFERENTIAL 
ETCHING AND ION IMPLANTATIONS 

FIELD OF THE INVENTION 

This invention relates in general to semiconductor 
devices and, more particularly, to semiconductor inte 
grated circuits employing closely spaced contacts to 
regions of opposite conductivity type. 

BACKGROUND ART 

It is commonplace in semiconductor devices to use 
adjacent regions of opposite conductivity type, as for 
example the base and emitter of a bipolar transistor or 
the source and gate of a ?eld effect transistor. Where 
the semiconductor devices are to operate with high 
efficiency, at high frequency, and/or with fast switch 
ing speeds, it is important to place the contacts to these 
oppositely doped regions as close as possible to the 
intervening junction so that lateral voltage drops are 
minimized. This is particularly true where at least one 
of the adjacent semiconductor regions has compara 
tively high resistivity. The emitter-base of a bipolar 
transistor is an example of such a situation. 
One method for providing contacts to adjacent de 

vice regions on silicon has been to use an intermediate 
poly-silicon region or layer between the metallic inter 
connections and the device regions. For example, with 
a bipolar transistor a poly-silicon layer is often used as 
an intermediate contact to the base or emitter region. 
While poly-silicon contacts have resulted in improved 
performance, the prior art arrangements and methods 
have signi?cant drawbacks that limit their usefulness. 
For example, with the prior art techniques the poly 
layer used for a base contact must generally have an 
initial thickness which is much greater than is otherwise 
desired. This is because the poly-layer which forms the 
base contact in the prior art is often exposed to numer 
ous etching and oxidation steps during fabrication. The 
extra thickness must be provided when the poly-layer is 
formed to make up for the portions of the poly-layer 
consumed during processing. This extra thickness is not 
desirable since it makes fabrication more dif?cult and 
degrades performance of the device or circuit. Further, 
with prior art structures the poly-contacts are often not 
as close to the junction as is desired and regions of 
relatively high resistivity material or equivalent can still 
remain between, for example, the poly-base contact and 
the base-emitter junction of a bipolar transistor. Thus, a 
need continues to exist for device contacting structures 
and device fabrication methods which provide closely 
spaced contacts to regions of opposite conductivity 
type, which provide enhanced conductivity regions 
between the contacts and the junction, and which avoid 
many drawbacks of the prior art. 

Accordingly, it is an object of the present invention 
to provide an improved structure for making contacts 
to adjacent semiconductor regions. 

It is an additional object of the present invention to 
provide an improved method for producing contacts to 
adjacent semiconductor regions. 

It is a further object of the present invention to pro 
vide the above improved structure and method wherein 
the contacts are self-aligned. 

It is an additional object of the present invention to 
provide an improved structure and method for fabricat 
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2 
ing poly-contacts to adjacent semiconductor regions 
wherein the poly-contacts to one or more of the semi 
conductor regions are protected from etching and oxi 
dation during device fabrication. 

It is a further object of the present invention to pro 
vide an improved means and method for semiconductor 
devices wherein adjacent device regions and/or the 
contacts to the adjacent regions are self-aligned and 
their separation precisely controlled. 

It is an additional object of the present invention to 
provide a means and method for including enhanced 
conductivity regions between the contacts and the junc 
tion so as to reduce the series resistance within the 
device. 
As used herein the pre?x poly- and the word poly are 

generally intended to refer to polycrystalline or amor 
phous materials. 

SUMMARY OF THE INVENTION 

The attainment of the foregoing and other objects 
and advantages is achieved wherein there is provided a 
collector region of a ?rst conductivity type, a base 
region of a second conductivity type, an emitter region 
of the ?rst conductivity type, a ?rst poly-region of the 
?rst conductivity type in contact with the emitter, a 
second poly-region of the second conductivity type in 
contact with the base, a region of enhanced conductiv 
ity of the second type in the base region contacting the 
second poly-region and extending in proximity to the 
emitter, and a dielectric region separating the ?rst and 
second poly-regions. 
There is further provided a method for fabricating 

semiconductor devices comprising providing a semi 
conductor substrate having a ?rst region of a ?rst type 
overlayed by a second region of a second type, cover 
ing the second region with a ?rst poly-layer, covering 
the ?rst poly-layer with a ?rst dielectric layer, covering 
the ?rst dielectric layer with a second poly-layer, cov 
ering the second poly-layer with a ?rst masking layer 
which is patterned to form a mask and an open region, 
doping ?rst portions of the ?rst and second poly-layers 
via the open region of the masking layer with an etch 
rate reducing dopant while leaving second portions of 
the poly-layers under the mask substantially free of this 
added dopant, removing a peripheral portion of the 
mask to reduce its lateral extent, removing a ?rst part of 
the second portion of the second poly-layer leaving a 
second part beneath the mask, then performing steps 
(a)—(c) in any order, (a) removing the remaining part of 
the mask region, (b) removing the second part of the 
second poly-layer, and (c) removing a ?rst part of the 
?rst dielectric layer underlying the ?rst part of the 
second poly-layer, thereafter performing steps (i)-(iv) 
in any order, (i) replacing a ?rst part of the second 
portion of the ?rst poly-layer with a dielectric isolation 
region leaving a' second part of the second portion of 
the ?rst poly-layer, (ii) removing a second part of the 
?rst dielectric layer overlying the second part of the 
?rst poly-layer, (iii) doping a ?rst portion of the second 
region of the substrate underlying the dielectric isola 
tion region, and (iv) doping the second part of the sec 
ond portion of the ?rst poly-layer. 

In a further embodiment, a second dielectric layer is 
placed between the ?rst dielectric layer and the ?rst 
poly-layer. This second dielectric layer is locally re 
moved after the ?rst dielectric layer is removed in order 
to expose the underlying ?rst poly-layer where such 
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exposure is required by the process described above. 
While additional masking layers beyond that described 
above may be convenient to accommodate other device 
fabrication needs they are not necessary for forming the 
close proximity contacts and enhanced conductivity 
regions since, beyond the described masking layer, the 
invented process is self-aligning and self-masking. 
While the second poly-layer is preferably of polycrys 
talline semiconductor it can be of any material having 
an alterable etch rate so as to permit selective etching 
without masking. Similarly, while the ?rst poly-layer is 
preferably of polycrystalline semiconductor, it can be of 
any conductive material having an alterable etch rate to 
permit selective etching and which can be locally con 
verted to a dielectric. It is preferable to use an etch rate 
reducing dopant of the second conductivity type since 
this provides a dopant source for enhancing the conduc 
tivity of the second region of the substrate under the 
?rst portions of the ?rst poly-layer thereby reducing the 
resistance of the contact to the second region of the 
substrate. 
The etching of the poly-layers is conveniently carried 

out using etching procedures which preferentially at 
tack the portions of the poly-layers not doped with the 
etch rate reducing dopant. The above-described se 
quence of steps insures that the ?rst region of the ?rst 
poly-layer which serves as the contact to the second 
region of the substrate and the second part of the second 
portion of the ?rst poly-layer which serves as the 
contact to an oppositely doped region formed in the 
second region of the substrate, have not been signi? 
cantly etched or oxidized during fabrication. 

It is further convenient to apply heat in order to drive 
in the dopants provided in steps (iii) and (iv) so that they 
diffuse laterally as well as vertically into the second 
region of the substrate so as to be in close proximity, 
‘preferably touching. Step (iii) above provides a ?rst 
region of enhanced conductivity in the second region of 

‘the substrate, e.g., a region of enhanced conductivity in 
the base of a bipolar transistor. Step (iv) above provides 
a second region of enhanced conductivity in the second 
region of the substrate usually of opposite conductivity 
type, so as to form, for example, an emitter in the base 
of the bipolar transistor. After being heated the en~ 
hanced conductivity region from step (iii) extends later 
ally, on one side, to be in contact with a heavily doped 
region out-diffusing from the ?rst region of the ?rst 
poly-layer, e.g., from the base contact, and extends 
laterally on the other side to be in close proximity to or 
in contact with the doped region of step (iv), e.g., with 
the emitter of a bipolar transistor. This minimizes the 
series resistance in the device. The heating steps can be 
carried out after each doping step and/or after both 
doping steps so that the diffusion of the respective im 
purities can be controlled separately. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed schematic cross-section of a 
portion of a semiconductor device showing a bipolar 
transistor fabricated according to the present invention; 
FIGS. 2A-K show in simpli?ed schematic form a 

series of cross-sections of the central region of the de 
vice of FIG. 1 at various stages of fabrication and ac 
cording to a preferred embodiment of the present inven 
tion; and 
FIGS. 3A-K show in simpli?ed schematic form a 

series of cross-sections of the central region of the de 
vice of FIG. 1 at various stages of fabrication, similar to 
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4 
FIGS. 2A-K, but according to further embodiments of 
the present invention. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 shows a simpli?ed schematic cross-sectional 
view of a portion of a semiconductor device according 
to the present invention. For convenience, the structure 
and method of fabrication are illustrated as for an NPN 
bipolar transistor. A PNP device is formed by inter 
changing the various N and P regions. Those skilled in 
the art will understand that the structures and methods 
described herein apply to other types of devices as well. 
Where the terms emitter, base, and collector are used 
they are intended to include generally any type of de 
vice region in any type of device employing adjacent 
regions of different doping and are not intended to be 
limited merely to bipolar transistors. 
The device of FIG. 1 illustrates a bipolar transistor 

comprising P substrate 1 on which is placed N+ buried 
collector 2, N- collector region 11, N+ collector 
contact region 3, P base region 12, P+ regions l2d-e 
having their conductivities enhanced compared to P 
region 12, and emitter region 121' located in base region 
12. Dielectric regions 4 isolate the transistor from other 
devices which may be on the same substrate. Dielectric 
region 5 separates base region 12 and enhanced conduc 
tivity portions 12d-e from collector contact region 3. 
Poly-layer 13 has P+ region 130 which makes contact 
to enhanced conductivity portions 12d-e of base region 
12. Poly-layer 13 also has N+ region 131' which makes 
contact with N+ emitter region 122'. Dielectric isolation 
region 19c separates base contact region 130 and emitter 
contact region 13i of poly-layer 13. While layer 13 is 
desirably of poly-silicon and is for convenience referred 
to herein as being made of a polycrystalline semicon 
ductor material, it can be of any conductive material 
having an alterable etch rate. The device of FIG. 1 
further comprises contact means 711 for contacting por 
tion 130 of poly-layer 13 which functions as a base 
contact via regions 12d-e of base region 12, contact 
means 7b for contacting part 131' of poly-layer 13 which 
contacts emitter Hi, and contact means 70 for contact 
ing collector contact region 3. 
A feature of the device of FIG. 1 is that enhanced 

conductivity portions 12d-e connect to poly-contact 
13a on one end and at the other end are in close proxim 
ity to or touching emitter region 121'. This reduces the 
series resistance in this region of the device and thereby 
improves performance. Further, enhanced conductivity 
portion 12d is made deeper than emitter 12i to further 
reduce the series resistance while leaving portion 12b of 
base 12 underneath emitter 12i at the comparatively 
higher resistivity of undisturbed base region 12 so that 
the ef?ciency of emitter 12i is not degraded. Dielectric 
isolation region 190 separates base contact 13a from 
emitter contact 131' and prevents emitter contact means 
7b from shorting to base 12 or base contact 13a. The 
device of FIG. 1 is fabricated according to the proce 
dures described in connection with FIGS. 2A-K and 
3A-K. 
FIGS. 2A-K show in simpli?ed schematic form a 

series of cross-sections of central portion 9 of the device 
of FIG. 1, somewhat enlarged, during different stages 
of fabrication. Semiconductor substrate 1 (see FIG. 1) is 
provided having ?rst region 11 and second region 12. 
For the example of an NPN bipolar transistor, ?rst 
region 11 is N- and functions as the collector and 



4,571,817 
5 

second region 12 is P and functions as the base. The 
described procedures are applicable to any device con 
taining a PN junction. For simplicity, substrate 1 and 
buried collector 2 are not shown in FIGS. 2A-K and 
3A-K. 
As shown in FIG. 2A, region 12 is covered by ?rst 

poly-layer 13. With silicon devices, poly-layer 13 is 
desirably undoped polysilicon. First poly-layer 13 has a 
thickness usefully in the range 0.05 to 0.30 microns with 
0.1 to 0.25 preferred. While layer 13 can be made 
thicker than about 0.30 microns, this increases the diffi 
culty in producing device regions of ?ne dimensions 
and is not desirable. While layer 13 can be made thinner 
than about 0.05 microns, this increases the series resis 
tance of the layer and is not desirable. Other materials 
can be used for first poly-layer 13 so long as they have 
or can be doped to have a conductance greater than the 
conductance of base region 12, and also so long as they 
have an alterable etch rate to permit selective etching of 
different portions of the layer. It is intended to include 
all such materials when referring to the ?rst poly-layer 
or to poly-layer 13. 

Poly-layer 13 is covered with ?rst dielectric layer 14. 
First dielectric layer 14 is conveniently of silicon oxide 
with a thickness in the range 0.05 to 0.15 microns with 
0.08 to 0.12 microns preferred. First dielectric layer 14 
is desirable but not essential (FIGS. 3A-K illustrate the 
fabrication sequence when layer 14 is omitted). First 
dielectric layer 14 is covered with second dielectric 
layer 15. Second dielectric layer 15 should be of a mate 
rial which resists etching by reagents, chemical species, 
or other means which etch layer 13. It is convenient if 
layer 15 is also differentially etchable with respect to 
layers 14 and/ or 16, although this is not essential. Layer 
15 is conveniently of silicon nitride with a thickness in 
the range 0.05 to 0.15 microns, preferably 0.08 to 0.12 
microns. 
Second dielectric layer 15 is covered with second 

poly-layer 16. Second poly-layer 16 is conveniently of 
undoped poly-silicon although other materials which 
have an alterable etch rate to permit selective etching of 
different portions of the layer can also be used. When 
referring to the second poly-layer or poly-layer 16 it is 
intended to include such other materials. Poly-layer 16 
is conveniently 0.10 to 0.30 microns thick with 0.10 to 
0.20 microns being preferred. Second poly-layer 16 is 
covered by masking layer 17. Masking layer 17 is con 
veniently of a refractory material such as silicon oxide 
with a thickness in the range 0.05 to 1.5 microns, prefer 
ably 0.5 to 0.75 microns. However, other materials 
resistant to the etchants used to remove portions of 
layer 16 can also be used. 
Masking layer 17 is patterned by any convenient 

method (FIG. 2B) to produce mask 17a and open re 
gions 17c. Portions 16a of layer 16 and 13a of layer 13 
are doped with an etch rate altering dopant so that the 
etch rate of regions 13a and 16a are reduced as com 
pared to the etch rates of regions 13b and 16b. This is 
conveniently accomplished by ion implanting portions 
13a and 16a in open regions 17c as indicated by arrows 
21. Boron is a convenient material known to reduce the 
etch rate of poly-silicon in alkali etchants such as KOH, 
as compared to undoped polysilicon. Other etchants are 
known to etch doped and un-doped poly-silicon at dif 
ferent rates and can also be used. A dose of about 
l><1016 boron ions per cm2 will alter the etch rate of 
un-doped poly-silicon by a suf?cient amount to permit 
differential etching, although higher or lower doses can 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
also be used. Generally, the higher the dose the greater 
the differential etch rate between the doped and un 
doped portions of the layer. 
The implantation energy must be such as to provide 

suf?cient penetration to reach portion 13a as well as ‘ 
portion 16a. Two implants at different energies are 
conveniently used, a high energy implant to reach por 
tion 13a and a lower energy implant to reach portion 
160. Means for implanting dopants at different depths 
are well-known in the art. Mask 17a protects portions 
13b and 16b of layers 13 and 16 during implant so that 
portions 13b and 16b remain substantially free of etch 
rate altering dopant 21. Dotted lines 13c and 160 indi 
cate the boundaries within layers 13 and 16 separating 
the altered etch rate portions from the unaltered etch 
rate portions of the layers. Other means of altering the 
etch rate may also be used and when referring to the 
step of doping layers 13 and 16 with an etch rate reduc 
ing dopant it is intended to include such other methods. 
As indicated in FIG. 2C, width 17e of mask 17a is 

reduced by predetermined amount 17f to give slightly 
smaller mask 17b of width 17g. The combination of 
initial width 17e, reduction amount 17]? and the subse 
quent etching times for layers 13-16 determine the 
width of emitter 121‘ (see FIGS. 1 and 2K) and the sepa 
ration between the emitter contact 13i (or emitter 121') 
and base contact 130 (or enhanced conductivity regions 
12d-e). A particular feature of the present invention is 
that reduction amount 17f is not dependent on a further 
masking and/or mask alignment step. Portion 17f of 
mask 17b is conveniently removed by maskless etching. 

Following the formation of reduced size mask 17b, 
parts 16d (FIG. 2C) of portion 16b of layer 16 are re 
moved leaving behind part 16e of portion 16b of layer 
16. Parts 16d are preferably removed by differential 
etching using a reactant which attacks portion 16b of 
layer 16 more rapidly than portions 160 of layer 16. 
When boron has been implanted into portions 16a, as 
shown by arrows 21 in FIG. 2B, KOH is a suitable 
etchant for portions 16d. Other etchants exhibiting dif 
ferential etching as a function of doping level can also 
be used. At a dose of about 1><1016 boron ions/cm2, a 
KOH etch of about 23% concentration by weight in 
water gives a differential etch rate of about 20 to 1 for 
undoped poly as compared to poly which has been 
boron doped as described above. Mask size reduction 
amount 17f need not be large but must be suf?cient to 
allow the etching species to reach undoped portion 16b 
of layer 16 so that differential etching can occur. Re 
duction amount 17f is conveniently in the range 0.05 to 
0.15 microns with 0.09 to 0.11 microns preferred. 
Amount 17f can be larger if larger openings 16d are 
desired, but this reduces the width of resulting emitter 
region Hi and emitter contact 131'. It is not desirable to 
make amount 17f smaller than about 0.05 microns since 
this increases the time required to etch away portion 
16d and leads to variations in the width of portion 16d 
across the substrate. 

Following the removal of portions 16d of layer 16, 
mask 17b is removed by any convenient method. Where 
mask 17b is of silicon oxide this is easily accomplished 
by wet or dry etching using means well-known in the 
art. A feature of the present invention is that mask 17b 
may be readily removed by etchants which act differen 
tially, that is, etching mask 17b (e.g. of oxide) preferen 
tially to the exposed portions of layer 16 (e.g. of poly 
silicon) and layer 15 (e.g. of nitride). Such differential 
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etchants are well-known in the art. Thus, mask 17b may 
be removed without a further masking step. 
FIG. 2D illustrates the next stage of the process 

wherein ?rst portions 150 of dielectric layer 15 are 
removed, exposing ?rst portions 140 of dielectric layer 
14. This may be accomplished by means well-known in 
the art. It is not necessary to apply an additional mask 
ing layer during this operation since portion 150 can be 
etched differentially with respect to layers 14, 16, and 
/or 18. 

Also illustrated in FIG. 2D is the optional step of 
oxidizing layer 16 to produce surface oxide layer 18 on 
layer 16. This oxidation step is sometimes desirable to 
facilitate fabrication of other components in an inte 
grated circuit, such as covering diffused or poly-silicon 
resistors remote from the device region illustrated in 
FIGS. 2A-K. Formation of layer 18 is not essential to 
the present invention, but is permitted by the invented 
process. Layer 18 can be formed before or after removal 
of portions 15c of layer 15, but is preferably formed 
prior to removal of portion 150. 
A further optional step illustrated in FIG. 2D is the 

formation of second masking layer 20 having mask 
portions 20a protecting portions 18a of layer 18 leaving 
portions 18b-c of layer 18 and portions 15c of layer 15 
and 14c of layer 14 exposed. Mask 200 may be of any 
convenient material which resists reactants suitable for 
etching the material of layers 14 or 18. Photoresist is 
suitable. While mask 20a is convenient for protecting 
other portions of the device or circuit remote from the 
device regions described in connections with FIGS. 
2A-K, it is not essential to the present process. When 
mask 20a is used, it need not be precisely aligned with 
regions 150 or 16a-b. since the invented process is self 
masking and self-aligning with respect to the junction 
which will be formed between the adjacent semicon 

- ductor regions and the closely spaced contacts thereto. 
Portions 18b-c are removed to expose the portions of 

-layer 16 not under mask 200 (FIG. 2E). Following 
removal of portion 150 of dielectric layer 15 (FIG. 2D), 
portion 140 of layer 14 is also removed to expose the 
underlying portions of layer 13 (FIG. 2B). It is conve 
nient to remove portions 14c and 18b-c simultaneously, 
but this is not essential. Portions 18b-c may be removed 
before or after removal of portions 15c. Once portion 
15c of layer 15 has been removed, then part 16e of por 
tion 16b of layer 16 is no longer needed and is removed 
by any convenient method. It is preferable to remove 
part 16e by differential etching with the same KOH 
etching technique used to remove part 16d of portion 
16b of layer 16. No additional masking operation is 
needed since part 162 of layer 16 etches much more 
rapidly than etch rate altered portions 16a of layer 16. 
Hence, part 16e of portion 16b can be removed without 
signi?cant etching of portion 16a. Part 16e is conve 
niently removed at the same time as parts 13d. Removal 
of part 16e exposes portion 15b of layer 15 which over 
lies portion 14b of layer 14 and part 13e of layer 13. 
When mask 20:: has been used, portion 18a of layer 18 
also remains, as is illustrated in FIG. 2B. Portion 16a of 
layer 16 also remains since it is not signi?cantly etched 
by the differential etchant used to remove part 162 (see 
FIG. 2E). After its function is complete optional mask 
20a is removed by means well-known in the art. 

After portions 15c and 14c have been removed expos 
ing the underlying regions of layer 13, parts 13d of 
portion 13b of layer 13 are removed by any convenient 
method. Portions 13a’ are preferentially removed by 
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8 
differential etching as was used to remove parts 16d and 
16a of layer 16. It is important that portion 13a of layer 
13 remain substantially unetched during this step. This 
feature is provided by the differential etching process 
described earlier wherein the KOH etch attacks boron 
doped poly-silicon much more slowly than undoped 
poly-silicon. Other etch rate alterable materials and/or 
selective etchants can also be used for parts 13d of layer 
13. It is desirable (FIG. 2B) to continue etching parts 
13d until the surface of layer 12 is reached and prefera 
ble to slightly over-etch to remove surface region 12m 
of layer 12. However, this is not essential. Part 13e of 
portion 13b of layer 13 is protected by layers 15b and 
14b and remains after removal of parts 13d. A feature of 
the present invention is that parts 13d are removed and 
part 13c left in place without need for any further mask 
ing or alignment steps. 

In FIG. 2F dielectric layer 19 is formed by any con 
venient method, preferably by oxidation of the exposed 
portions of region 12 and layers 13 and 16. Means for 
oxidation of semiconductor regions and layers to form 
dielectric layers, as for example, silicon oxide are well 
known in the art. Other means can also be used. When 
isotropic oxidation is used the exposed vertical side 
walls of portions 130 and part 13c of layer 13 are partly 
converted to dielectric by growth of oxide regions 19b 
and 190’ on the sidewalls. However, this is not essential. 
Part 13f of portion 13b of layer 13 remains undisturbed 
beneath dielectric layer regions 15b and 14b. Portion 
19c of dielectric layer 19 acts as a dielectric isolation 
region to separate portions 13a of layer 13 from part 13f 
of layer 13. Portion 15b of layer 15 is then desirably 
removed (FIG. 2G). This is conveniently accomplished 
by a dip etch. No further masking or alignment step is 
required. An additional mask-less etching step is used to 
remove portion 14b above part 13f of portion 13b of 
layer 13, thereby exposing part 13f (FIG. 2H). 

Ions 23 are implanted in part 12c of region 12 under 
neath dielectric isolation ‘portion 19c. This is conve 
niently accomplished without a further masking opera 
tion. As far as the device of FIG. 1 is concerned it does 
no harm to have ions 23 implanted everywhere. Part 
12c can be implanted before or after removal of portions 
15b and 14b, so long as the result of the implant is to 
enhance the conductivity of part 12c of region 12. If 
part 12c of region 12 is implanted Without masking part 
13f of portion 13b of layer 13, then ions 23 will also be 
implanted in part 13f forming doped region 13g in part 
13f at the same time as part 12c of region 12. 

It is desirable that dopant ions 23 be of the second 
conductivity type so that part 120 is doped to a higher 
concentration of the same conductivity type as present 
in region 12. In this way, part 12c provides a region of 
enhanced conductivity in region 12. When dopant ions 
23 are of the same type as used for doping portions 13a 
of layer 13, it is immaterial if any of ions 23 penetrate 
through layer portions 190, 15a, and 140 into region 130 
of layer 13. At most this further reduces the resistance 
of region 13a, which is desirable. 

Ions 24 are implanted in region 13h of part 13f of 
layer 13 FIG. 2I. It is desirable that ions 24 be of oppo 
site conductivity type to ions 23 and be implanted at a 
lower energy than ions 23 and to a higher dose. Using a 
lower implant energy permits ions 24 to be implanted 
into region 13h without penetrating layer 19 and being 
implanted into region 13a or region 12. Thus region 1312 
of part 13f can be doped selectively with ions 24 with 
out need for any additional masking or alignment step, 
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although other parts of the circuit may be masked if so 
desired. The dose of ions 24 must be high enough rela 
tive to the dose of ions 23 so that the doping type of ions 
24 predominates in region 13h and other regions which 
have received both implants. 
The substrate and various layers are heated to re 

move the implant damage if any associated with implan 
tation of ions 23 and 24, to activate the implanted ions, 
and to drive these impurities further into the structure, 
as indicated in FIG. 2]. Heating may be carried out 
during or after each ion implantation or after both im 
plantations, and in one or more stages, or any combina 
tion thereof. Multiple heating steps are useful for sepa 
rating adjusting the depths of the various doped re 
gions. 

It has been found that when ions 23 are P type and 
ions 24 are N type, that the N type impurity ions diffuse 
into part 13f of layer 13 more rapidly than the P type 
impurity so that substantially all of part 13f becomes 
converted to N type region 131; The presence of the N 
type dopant in region 13h appears to inhibit the diffu 
sion of the P type dopant from region 13g. Thus, even 
though both types of impurities are present in part 13f 
the N type impurity dominates and part 13f of layer 13 
converts to N type region 131'. Region 131' acts as an N 
type diffusion source for doping underlying portion 121' 
of region 12 strongly N type when the substrate is 
heated after the implantations (see FIG. 2]). 

Heating drives the P type impurities present in region 
1311 into the underlying portions of region 12 to form 
expanded enhanced conductivity regions 12e. Heating 
also drives the P type impurities present in region 12c 
into the underlying portions of region 12 to form ex 
panded enhanced conductivity regions 12d. If the con 
centration in region 130 is higher than in region 120, 
region 122 will be deeper than region 12d. While these 
impurities are diffusing vertically into layer 12 they also 
spread laterally under portions 19b and 19d of dielectric 
layer 19 so that continuous regions 12d-e of enhanced 
conductivity are formed beneath dielectric isolation 
regions 19b-d. Enhanced conductivity regions 12d~e 
connect to doped poly-layer region 13a and extend to 
be in close proximity to or touching junction 13k be 
tween P region 12 and N region 121'. This signi?cantly 
reduces the lateral series resistance which would other 
wise be present in region 12 between contact 7a (see 
FIG. 1) and junction 13k. 
A further advantage of this invention is that distance 

12f between enhanced conductivity region 12d and 
junction 110 can be made very small or zero while still 
leaving a greater thickness of lightly doped material of 
region 12 in portion 12b beneath oppositely doped re 
gion 131'. This is of substantial aid in reducing the series 
resistance in region 12 while still maintaining an ade 
quate vertical separation across region 12b between 
junction 11:: and the parallel portion of junction 13k. In 
a bipolar transistor for example, a minimum base width 
must be maintained in order to have satisfactory device 
performance. Thus, active base region 12b cannot be 
made too thin. Gap 12f below enhanced conductivity 
region 12d is not so constrained and it is desirable to 
make it as small as possible. Gap 12f can be made 
smaller than the thickness of region 12b by heating the 
substrate after implanting ions 23 but before implanting 
ions 24. This drives the P type impurities of region 12d 
deeper into region 12 before the N type impurities are 
implanted into part 13]? Thus, a feature of the present 
invention is that gap 12f and the width of region 12b can 
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10 
be adjusted separately. This is illustrated further in con 
nection with the discussion of FIGS. 3A-K. Region 12d 
can be driven through region 12 to directly contact 
region 11 so that gap 12f is zero. 

After the ion implantation steps described above, 
layer 7 of FIG. 2K is applied to provide electrical con 
nection to poly-layer 13. Part 131', doped for example N 
type, acts as a low resistance contact between N type 
doped region Hi and layer 7. Portion 13a, doped for 
example P type, acts as a low resistance contact be 
tween P type region 12 and layer 7. Layer 7 of FIG. 2K 
is patterned using a single mask by means well-known in 
the art to provide separate contact means 7a-c, as 
shown in FIG. 1. There is no need for a precision align 
ment since contact means 7b to part 13i can extend 
above enhanced conductivity regions 12d and poly 
contact region 122 without short circuit, being sepa 
rated therefrom by dielectric layer 19. This is a substan 
tial aid in increasing manufacturing yield. 
FIGS. 3A-K show in simpli?ed form a series of 

cross-sections of central portion 9 of the device of FIG. 
1, somewhat enlarged, during various stages of fabrica 
tion and according to further embodiments of the pres 
ent invention. FIGS. 3A-K and the associated process 
steps are similar to FIGS. 2A-K and associated process 
steps. The same identifying numbers are used to identify 
analagous layers, regions, portions, and parts in FIGS. 
2A-K and 3A-K. Because of the similarity of the gen 
eral process as between the methods illustrated by 
FIGS. 2A-K and FIGS. 3A-K, the process description 
accompanying FIGS. 2A-K is incorporated herein by 
reference and the discussion which follows focusses 
only on the differences between the methods illustrated 
by FIGS. 2A-K and FIGS. 3A-K. 

In the process flow illustrated by FIGS. 3A-K, layer 
14 and all steps associated with layer 14 are omitted and 
layer 16 is thinner than with the method of FIGS. 
2A-K. This is desirable since, higher resolution can 
generally be obtained when thinner layers are used. 
Further, process time is shortened. 
Summarizing brie?y, in FIG. 3A regions or layers 11, 

12, 13, 15, 16, and 17 are provided in the same way as 
discussed as in connection with FIG. 2A. In FIG. 3B, 
mask 17a is formed and ions 21 implanted in portions 
130 and 16a through open regions 17c, in the same man 
ner as has been described previously in connection with 
FIG. 2B. In FIG. 3C, portion 17f of mask 17a is re 
moved to give mask 17b, and part 16d of portion 16b of 
layer 16 is removed in the same manner as in FIG. 2C, 
leaving behind part 16e. Portion 15c of layer 15 is re 
moved (FIG. 3D) exposing the underlying portions of 
layer 13, as in FIG. 2D but without layer 14. FIG. 3D 
also illustrates the situation when layer 18 and the pro 
cess steps associated therewith described in connection 
with FIG. 2D are omitted. FIG. 3D also illustrates the 
omission of mask layer 20 and mask 20a. As previously 
noted in connection with FIG. 2D, mask layer 20 and 
mask 20:: are optional. In FIG. 3E, part 16e of layer 16 
and parts 13d of portion 13d of layer 13 are removed 
using differential etching in the same manner in which 
parts 16e and 13d were removed in connection with 
FIG. 2E. In FIG. 3F, dielectric layer 19 is formed in a 
manner analagous to the formation of layer 19 in FIG. 
2F. FIG. 3F illustrates further the situation when di 
electric layer 19 is formed by oxidation of portion 16a of 
poly-layer 16 and the exposed surface portions of layer 
13 and region 12. Layer 19 in FIG. 3F has the same 
function as layer 19in FIG. 2F. Portion 15b of layer 15 
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is removed (FIG. 36) and portions 12c and 13g im 
planted with ions 23, as described in connection with 
FIGS. 2G-H. Implantation of ions 23 can be performed 
before or after removal of portion 15b, preferably be 
fore. 
FIGS. 31-] illustrate the ‘effect of heating the sub 

strate to drive in impurity ions 23 implanted in region 
120 prior to implantation of ions 24. In FIG. 31, doped 
regions 12c and 130 have expanded vertically and hori 
zontally due to the heating, forming enlarged enhanced 
conductivity regions 12d and 12e. Region 12e is doped 
by impurities coming from region 13a and region 12d is 
doped by impurities coming from region 12c. It is desir 
able that region 130 be more heavily doped than region 
12c so that region 12e will expand more rapidly than 
region 12d. 

Impurity ions 24 are implanted to form doped region 
13h. Additional heating after implant of ions 24 has the 
effect illustrated in FIG. 3] of further deepening and 
broadening regions 12d-e while region 12f is formed by 
the diffusion of dopant ions 24 from region 13h. By 
varying the implant and drive-in heating cycles, width 
12f of region 12g between region 12d and junction 11a 
can be adjusted as in FIG. 2K or 3K and can be made 
small or zero. It may penetrate beyond the original 
location of junction 11a without harm, as shown in 
FIG. 3K. The additional heating increases the lateral 
spreading of region 120’ so that it abuts junction 13k. 
This increased lateral spreading also enlarges regions 
12d-e near comer 12h where enhanced conductivity 
regions 12d-e join. This further reduces the series resis~ 
tance across gap 27 between poly-contact portion 13a 
and junction 13k This is advantageous. FIG. 3K also 
illustrates the application of contact means 7b, as dis 
cussed in connection with FIG. 2K. 
A feature of the present invention is that the separa 

tion 27 between poly-contact portion 130 and junction 
13k of emitter 121' is determined, (less any lateral spread 
ing of the emitter) by the amount of lateral reduction 

‘ made in mask 17a and the duration of the subsequent 
etching steps. This allows separation 27 to be main 
tained at a very small value and carefully controlled. 
Having described the invention, it is apparent that the 

present invention provides an improved means and 
method for forming adjacent semiconductor regions 
having closely spaced and low resistance contacts. Fur 
ther, it is apparent that the means and method provides 
a contacting arrangement which is self-aligned and 
self-masking and which is very convenient for produc 
ing self-aligned device regions with closely spaced 
contacts as are often required, for example, in high 
performance high density integrated circuits. The struc 
ture and method apply to any adjacent semiconductor 
regions separated by a junction and are not limited 
merely to forming emitter and base regions of bipolar 
transistors. Additionally, the poly-regions forming the 
actual contacts to the active semiconductor regions are 
protected from etching and oxidation during manufac 
ture and do not have their thickness reduced as a result 
of the process. Accordingly, thinner layers can be used 
to start with. This is advantageous. 

It will be apparent as illustrated in FIG. 1, that the 
steps of FIGS. 2A-K or 3A-K can be applied to form 
an N+ poly-region in contact with collector contact 
region 3 by creating above region 3 an N+ poly-region 
analagous to emitter contact region 131'. The portion of 
the poly-layer analagous to regions 13a and 13d would 
be located over oxide regions 4 and 5. This gives the 
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additional advantage of providing self-aligned poly 
contacts to emitter, base, and collector of the device. 
While the invention has been illustrated in terms of 

particular semiconductor device structures those of skill 
in the art will appreciate that the principles taught 
herein apply to other device structures as well. Further, 
the structures are illustrated as being symmetrical, that 
is, the portions to the left and right of the center of the 
?gures are substantially the same. This is usually the 
case where devices having very small area emitters are 
desired. The use of mask 17a of predetermined width, as 
shown, produces an emitter 12f of predetermined width. 
Those of skill in the art will understand that mask 17a 
may be much wider, as would be obtained, for example, 
if the illustrated ?gures were cut in half by a vertical 
line at their midpoint and pulled apart horizontally from 
the outline, with the layers intersecting the cutline being 
extended between the two halves. Such a structure 
would be used, for example, in connection with a device 
having a comparatively large emitter area, but still re 
quiring a base contact spaced very close to the emitter 
base junction and having a low resistance path therebe 
tween. Further, while the means and method of the 
present invention have been illustrated for an NPN 
device, those of skill in the art will understand that by 
interchanging the dopants, substantially the same pro 
cess is used to produce a PNP device. Accordingly, it is 
intended to include all such variations in the claims 
which follow. 
We claim: 
1. A method for fabricating closely spaced contacts 

to a PN junction comprising: 
providing a semiconductor substrate having therein a 

?rst region of a ?rst conductivity type and a second 
region of a second conductivity type overlying said 
?rst region; 

covering said second region with a ?rst polycrystal 
line semiconductor layer; 

covering said ?rst polycrystalline layer with a ?rst 
dielectric layer; 

covering said ?rst dielectric layer with a second di 
electric layer; 

covering said second dielectric layer with a second 
polycrystalline layer; 

covering said second polycrystalline layer with a ?rst 
masking layer; 

patterning said ?rst masking layer to form an open 
region above a ?rst portion of said second poly 
crystalline layer and a mask region above a second 
portion of said second polycrystalline layer; 

doping ?rst portions of said ?rst and second polycrys 
talline layers with an etch rate reducing dopant 
through said open region of said masking layer 
leaving second portions of said ?rst and second 
polycrystalline layers under said mask region sub 
stantially free of said etch rate reducing dopant; 

removing a peripheral portion of said mask region to 
reduce its lateral extent by a predetermined 
amount; 

removing a ?rst part of said second portion of said 
second polycrystalline layer leaving a second part 
underneath said mask region; 

then performing steps (a)—(d) in any order: 
(a) removing the remaining part of said mask region; 
(b) removing a ?rst part of said second dielectric 

layer underlying said ?rst part of said second por 
tion of said second polycrystalline layer; 



4,571,817 
13 

(c) removing said second part of said second poly 
crystalline layer; and 

(d) after said ?rst part of said second dielectric layer 
has been removed, removing a ?rst part of said ?rst 
dielectric layer underlying said ?rst part of said 
second dielectric layer; 

thereafter performing the steps (i)-(v) in any order: 
(i) replacing a ?rst part of said second portion of said 

?rst polycrystalline layer with a dielectric isolation 
region, leaving a second part of said second portion 
of said polycrystalline layer; 

(ii) removing a second part of said second dielectric 
layer overlying said second part of said second 
portion of said ?rst polycrystalline layer; 

(iii) removing a second part of said ?rst dielectric 
layer overlying said second part of said second 
portion of said ?rst polycrystalline layer; 

(iv) doping a ?rst portion of said second region of 
said substrate underlying said dielectric isolation 
region; and 

(v) doping said second part of said second portion of 
said ?rst polycrystalline layer; 

thereafter heating said substrate to drive the dopant 
provided in step (v) above into a second portion of 
said second region of said substrate proximate to 
said ?rst portion of said second region of said sub 
strate; and 

providing contact means for contacting said second 
part of said second portion of said ?rst polycrystal 
line layer. 

2. The method of claim 1 wherein the step of doping 
with said etch rate reducing dopant comprises doping 
with a dopant of said second conductivity type. 

3. The method of claim 1 wherein said step of remov 
ing a peripheral portion of said mask region comprises 
removing said peripheral portion without a further 
masking operation. 

4. The method of claim 1 wherein said step of remov 
ing a ?rst part of said second portion of said second 
polycrystalline layer comprises removing said ?rst part 
without a further masking operation. 

5. The method of claim 1 wherein said step of remov 
ing a ?rst part of said second portion of said second 
polycrystalline layer comprises removing said ?rst part 
by means of differential etching with an etchant that 
attacks said ?rst portion of said second polycrystalline 
layer less rapidly than said second portion of said sec 
ond polycrystalline layer. 

6. The method of claim 1 wherein said step of replac 
ing a ?rst part of said second portion of said ?rst poly 
crystalline layer with a dielectric isolation region com 
prises removing a ?rst part of said second portion of 
said ?rst polycrystalline layer by means of differential 
etching with an etchant that attacks said ?rst portion of 
said ?rst polycrystalline layer less rapidly than said 
second portion of said ?rst polycrystalline layer, leav 
ing a second part of said second portion of said ?rst 
polycrystalline layer, and then forming a dielectric iso 
lation region between said ?rst portion of said polycrys 
talline layer and said second part of said second portion 
of said ?rst polycrystalline layer. 

7. The method of claim 1 wherein said step of remov 
ing a second part of said ?rst dielectric layer overlying 
said second part of said second portion of said ?rst 
polycrystalline layer comprises removing said second 
part without a further masking operation. 

8. The method of claim 1 wherein said step of doping 
a ?rst portion of said second region of said substrate 
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underlying said dielectric isolation region comprises 
doping said ?rst portion without a further masking 
operation. 

9. The method of claim 1 wherein said step of doping 
a ?rst portion of said second region of said substrate 
underlying said dielectric isolation region comprises 
doping said ?rst portion to a higher level of said second 
conductivity type. 

10. The method of claim 1 wherein said step of dop 
ing said second part of said second portion of said ?rst 
polycrystalline layer comprises doping said second part 
with an impurity of said ?rst conductivity type. 

11. The method of claim 1 wherein said step of dop 
ing said second part of said second portion of said poly 
crystalline layer comprises doping said second part 
without a further masking operation. 

12. The method of claim 1 wherein said ?rst covering 
step comprises covering said second region with a sub 
stantially undoped ?rst polycrystalline semiconductor 
layer. 

13. The method of claim 1 wherein said fourth cover 
ing step comprises covering said second dielectric layer 
with a substantially undoped second polycrystalline 
semiconductor layer. 

14. The method of claim 6 wherein said step of re 
moving a ?rst part of said second portion of said ?rst 
polycrystalline layer comprises removing said ?rst part 
so as to penetrate to said second region of said substrate. 

15. The method of claim 6 wherein said step of form 
ing a dielectric isolation region between said ?rst por 
tion of said polycrystalline layer and said second part of 
said second portion of said ?rst polycrystalline layer 
comprises forming said dielectric isolation region with 
out a further masking operation. 

16. A method for fabricating closely spaced contacts 
to a PN junction comprising: 

providing a semiconductor substrate having therein a 
?rst region of a ?rst conductivity type and a second 
region of a second conductivity type overlying said 
?rst region; 

covering said second region with a ?rst polycrystal 
line semiconductor layer; 

covering said first polycrystalline layer with a ?rst 
dielectric layer; 

covering said ?rst dielectric layer with a second poly 
crystalline layer; 

covering said second polycrystalline layer with a ?rst 
masking layer; 

patterning said ?rst masking layer to form an open 
region above a ?rst portion of said second poly 
crystalline layer and a mask region above a second 
portion of said second polycrystalline layer; 

doping ?rst portions of said ?rst and second polycrys 
talline layers with an etch rate reducing dopant 
through said open region of said masking layer 
leaving second portions of said ?rst and second 
polycrystalline layers under said mask region sub 
stantially free of said etch reducing dopant; 

removing a peripheral portion of said mask region to 
reduce its lateral extent by a predetermined 
amount; 

removing a ?rst part of said second portion of said 
second polycrystalline layer leaving a second part 
underneath said mask region; 

then performing steps (a)—(c) in any order: 
(a) removing the remaining part of said mask region; 
(b) removing said second part of said second poly 

crystalline layer; and 




